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Supplemental Simulation Procedures and Information
Surface Energy Details
Surface energies for the Fe(111), Fe(211) and Fe(211) MR surfaces were calculated according to the formula:
E surface = E top + E bottom = (E slab -N*E bulk/atom ) / A
Where E surface corresponds to the reported surface energy value in eV, E top is the energy of the top of the slab in eV, E bottom is the energy of the bottom of the slab in eV, E bulk is the energy of bulk Fe atoms in eV, N is the number of atoms in the slab and A is the area of the slab in Å 2 . For simplicity of calculations, the slab was constructed with 13 layers of Fe atoms; the top and bottom layers were allowed to relax while the central layers were fixed. This forces E top = E bottom , so E surface = 2*E top and thus E surface can be calculated as:
For at-temperature calculations phonon adjustments were included for both small molecules and all Fe atoms allowed to relax in the calculations.
At T = 0K for blank surfaces, our numbers vary from previous theoretical research using the PBE functional; we obtain energies for the Fe(111) surface (3.233 J/m 2 ) and Fe(211) surface (3.300 J/m 2 ) that differ from previously reported results for Fe(111) (2.70 J/m 2 ) and Fe(211) (2.58 J/m 2 ); 1 although the method of calculation is similar the reasons for this discrepancy are most likely related to the selection of the slab parameters.
Fe(211) Missing Row Reconstruction Comparison
To determine the preferred surface configuration between the default Fe(211) surface and the Fe(211) missing row reconfiguration, both surfaces were optimized in the presence of four hydrogen atoms adsorbed in the theoretically determined position in the case of Fe(211) 2 and the experimentally determined position in the case of Fe(211)R 1 .
Since surface reconstruction of Fe(211) has been determined experimentally in prior research to be hydrogen-induced similar to other BCC metals, the maximum amount of stable adsorbed hydrogen atoms were included for surface energy testing to ensure accurate calculations. By using the calculation method detailed in Section 1, the surface energies of Fe(211) 4H and Fe(211)R 4H were determined and can be found in Fig. S12 . Fig. 3 and the SI, resulting in ΔG= -0.10 eV and ΔG*= 0.97 eV for the H transition state.
3.5. 2N-NH-2H: H 2 bonds to the surface in this step similar to step 3.1 to facilitate further progress in the reaction pathway. We found a free energy of ΔG= -0.53 eV for this state, the second lowest in the main reaction pathway.
3.6. 2N-NH 2 -H: Following H migration across the surface, the 2N-NH 2 -H state is produced with a free energy of ΔG= 0.14 eV. We found the transition state for the H migration to have ΔG*= 0.75 eV.
3.7. 2N-NH 3 : A second round of H migration across the surface produces the second NH 3 for the reaction pathway with a free energy calculated to be ΔG = 0.29 eV with ΔG* = 0.87 eV for the transition state.
3.8. 2N: Desorption of the second NH 3 produces a 2N state with both remaining nitrogen atoms adsorbed to the surface located in the trough region of the second layer. We found this state to have a free energy of ΔG = 0.41 eV with the NH 3 desorption having ΔG % = 1.24 eV.
3.9: 2N-N 2 (top): To facilitate restoration to the 4N state for a continuous pathway, a N 2 molecule binds perpendicular to the surface atop the first row Fe ridge. The NN bond distance is 1.14 Å and the N-Fe bond distance is 1.83 Å. This process is illustrated in Fig. S9 . This state was found to have a free energy of ΔG = 0.33 eV.
3.10. 2N-N 2 (bottom): The 2N-N 2 state produces migration of the adsorbed N 2 to the second-row site while remaining arranged perpendicular to the surface. The NN bond distance is 1.14 Å and the N-Fe bond distances are 1.84/2.44 Å. We found the free energy for this "bottom" site to be ΔG = 0.86 eV with a transition state found to have ΔG* = 1.15 eV and an N 2 desorption with ΔG % = 1.16 eV.
3.11. 2N-N 2 (final): Finally, the adsorbed N 2 tilts to an almost-parallel position on the surface in preparation for dissociation of the N 2 bond to form a 4N state. The NN bond distance is 1.21 Å and the N-Fe bond distances are 1.90/2.03/2.03/2.37 Å. The free energy for this "final" site was found to be ΔG = 0.67 with a transition state having ΔG* = 1.04 eV and N 2 desorption with ΔG % = 1.24 eV.
3.12a) 4N(initial): After dissociation of the N 2 bond, the initial 4N state is formed with both adsorbed second row N located adjacent to each other in 3-fold sites. The NN bond distance changes from 1.21 to 1.71 while the N-Fe bond distances change from 1.90 Å to 1.97 Å and ~2.0 Å to 1.85 Å. We found the free energy for this initial 4N state to be ΔG = 0.67 eV, with the transition having ΔG* = 1.55 eV and a N 2 desorption value of ΔG % = 1.31 eV. This transition state represents the primary barrier for the main pathway.
3.12b) 4N * : The 4N initial state then transitions to the 4N * state by migration of one N across the ridge to the second layer site on the opposite side via diffusion mechanism with a 0.32 eV barrier. The free energy for this 4N * state was calculated to be ΔG = -0.75 eV. We found the transition state for this process to be ΔG* = 0.98 eV.
3.12c) 4N ** : The 4N * state will transform to an even lower structure 4N ** by migration of two N atoms from the top layer to the 2 nd second layer (Fig. 4 ) via diffusion mechanism with a 0.25 eV barrier. The free energy for this 4N ** state was calculated to be ΔG = -0.98 eV. We found the transition state for this process to be ΔG* = -0.50 eV. The 2 nd layer N is strongly bonded to Fe(211)R surface and we assume it transform to 4N * state for following hydrogenation. The barrier from 4N ** to 4N * is computed to be 0.48 eV.
3.13. 4N-2H: H adsorbs to the surface as in previous steps to facilitate continuation of the synthesis reaction. We calculated the free energy for this step to be minimal (~0.01 eV) and thus is omitted here.
3.14. 3N-NH-H: NH is formed on the surface via Langmuir migration to form the 3N-NH-H state. We calculated ΔG = -1.04 eV for this step, with Eley-Rideal (ER) hydrogenation of ΔG* = 0.60 eV.
3N-NH 2 :
The second H adsorbed to the surface then migrates to form the 3N-NH 2 state with ΔG = -0.54 eV. This state is used for ΔG = 0 eV as previously. 7 This complete the synthesis reaction pathway.
Transition states and desorption steps with a significant effect on the reaction barrier are listed below in further detail, in order from highest barrier to lowest at T = 673 K, P(NH 3 ) = 1 atm for the reaction pathway. Detailed information for main pathway transition states, including energy curves can be found in Fig. S2 -S6 of SI.
 TS12a -The primary barrier for the reaction is represented here by the dissociation of the adsorbed N 2 to form the initial 4N state. At this transition state, the adsorbed N 2 begins the dissociation process with the bond lengthening from 1.21 Å to 1.71 Å, indicating that the bond has been reduced to an elongated single bond before separation.  7-NH 3 desorption -The highest barrier for the reaction pathway found outside of the steps restoring to the 4N state is the desorption of the second NH 3 molecule with ΔG % =1.24 eV. 
Fe(211)R Alternate Pathway
In order to find a lower reaction barrier, we evaluated the alternative pathway with the presence of additional 2H on the surface for high-barrier steps including the 2N-N 2 migration and dissociation pathway along with the second NH 3 desorption step. We used A similar approach for the (111) studies with significant results. 9 We found that the addition of the 2H atoms significantly lowered the barrier for all key states in the N 2 dissociation pathway. The states found in this pathway along with their ΔG values relative to the 3N-NH 2 reference state are detailed below. Detailed information on alternate pathway transition states, including energy curves, are found in Fig. S7-S8 of SI.
2N-2H-NH 3 :
In the alternate pathway, 2H adsorbs to the surface in the bottom positions opposite the active sites for NH 3 desorption and later N 2 adsorption. ΔG = -0.02 was found for this position relative to the reference state.
4.8. 2N-2H: Similar to the main pathway, NH 3 desorbs from the top site leaving the 2N-2H state. We found the free energy for this state to be ΔG = -0.22, with the NH 3 desorption of ΔG % = 0.77. This is significantly lower than the main pathway NH 3 desorption value.
4.9. 2N-2H-N 2 (top): N 2 again binds to the surface in a perpendicular configuration atop the ridge opposite the adsorbed H species with ΔG = -0.14. Fig. 3 and Fig. 4 . The 2N-2H-N 2 -> 4N-2H pathway was found to be most effective for reduction of the primary reaction barrier, reducing the dissociation ΔG* from 1.55 eV to 1.14 eV. ΔG and ΔG* are presented below each state in eV. Fig. 3 and Fig. 4. 1) and 3) show the spin changes in Fe atoms during dissociation for the main and alternate pathways, while 2) and 4) illustrates the charge differences in Fe atoms during dissociation for those states. 4 (PBE functional) while (b) depicts the calculated Wulff shape using surface energy values calculated using the PBE-D3 functional in our research. The surface energy we calculate for Fe(211) in (b) is similar to Fe(111) and thus the facet size is increased, while the Fe(211) surface energy is lower than Fe(111) in Tran's work so the facet size is smaller in (a). 4 Unreconstructed Fe(211) energy is used in both (a) and (b) as it is found to be lower than Fe(211)R for the bare surface. (c) depicts the equilibrium Wulff shape for the P(N2)=5atm nitrogen-adsorbed system. Fe(211R) is found to have notably lower surface energy than Fe(211) and Fe(111) in this configuration while Fe(110) is significantly higher, leading to a change in shape configuration. 
